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Abstract
This paper describes the extension work from the last Digital Holography Projector System. From the developed 
works shows that, some unforeseen factors have created the difficulties for the system alignment. Such factors are 
the DMD frame rate, light source and diffractive zero order. It is really the challenging development works to 
achieve the virtual 3D model display on the high speed rotation screen. The three most key factors are emphasizing: 
1) The display device’s frame rate; 2) The light source orientation angle; and 3) The zero order filtering optic. 
1) This device’s is the digital micro mirror, in short is DMD. It is the high speed switching device has developed by 
the most recent technology. The switching frame rate can go up as high as 291fps. At first, the 8 bits depth file must 
be digitalized and stored for DMD onboard Ram. The digitalized data are transmitting from the PC USB to DMD 
onboard Ram. Instead of the data are downloading directly from the PC to DVI or VGA during display, this 
downloading method cause slower down the display speed, which is the common frame rate of 30Hz.  Next, the 
onboard Ram data then transfer to the DMD mirror’s for display, at the 8 bits 291 fps speed. At this frame rate, the 
display 2D image can almost cover for 01 of out of the 360 0 in 1 revolution. 
2) This laser light source must be installed such that free for orientated in any arbitrary angle from 022 to 045 .
Which is normalized to the DMD mirrors and the brief  sketch show on figure (a). The purpose of orientated the 
light source is ensure that multi diffractive order would be reflected straight from the mirrors. (This multi diffractive 
order is the phenomenon of the digital micro mirror’s characteristic). This mean, the reconstruct images would be 
followed the DMD normalized direction reflected up to fibre conduit . Moreover, this orientated method install of 
the laser light source is making space for other optical lenses or device driver/controller. Because, all equipments 
and components can be easy line up and mounted in the compartment.    
3) This solid 6mm diameter fibre conduit is implemented to transmit the higher diffractive image, it is also the 
brightest and clearer image as compare to other lower order images. This means many of the lower order and blurred 
images would be neglected for display and consider as the energy lost.  
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1. INTRODUCTION
For the beginning of this paper, the author would like to refresh some of the theorem that has been described and 
investigated previously such as Fourier, Fresnel and Fraunhofer. The working principle can be classified into three 
common types: pure-amplitude, pure-phase and compound, which it both amplitude and phase. The wave front 
information, such as reference and object wave are simulated from the algorithm and at the same time numerically 
reconstructed and displayed on the Silicon Liquid Crystal Based Spatial Light Modulator or Digital Micro-mirror 
Devices. Both devices has been tested in our system for the CGH process, however only the digital micro mirror is 
adopted in this system. Because, none of the dry display material can show the clearer 3D digital holography image 
as compare to conventional type holography. Whereas, this DMD device has the highest switching speed to display 
the multiple 2D frames in the short time, as short as 291 fps. The virtual 3D objects are basically formed by many of 
the 2D imagery. Begins, the digitalized holography data are transferred to the on board Ram of the DMD PCB card 
from the PC USB. A while later, the data are downloading from the Ram to DMD mirror’s directly and at the same 
time display at the 8 bits 291 fps speed. Instead of send from PC to DVI or VGA port at 8 bits 30 Hz frame rate.  
These digitalized holography data is converted from the Fraunhofer principle, thus a simulated object must be 
placed within the Fraunhofer region to satisfy the condition. However, the conversion is virtual simulated by the 
ver.4 3D Max and 32 bits LABVIEW. The generated digital hologram data have been given the low diffraction 
efficienct. The off-axis method for reconstruction is demonstrated shown in Fig (2).  
Fig. 1 
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A single complex of arbitrary hologram amplitude and phase values hologram matrix is given as follows: 
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In most practical situations, both T  and 'T are very small and 1|Q from (1.3 ) 
Where      OE  denotes a 3D Max object rotating in y-axis at any arbitrary viewing angle in x-y plane,  
*
RE  Denotes the reference propagate wave front in free space at any arbitrary Fresnel sensitive distance.  
In this case, the development will only focus on amplitude distribution, neglecting the phase contribution complex 
function. The hologram process is described mathematically for complex amplitude for object wave and given by: 
exp(),(),( yxayxE OO  i ),( yxOM )                                                  (1.4) 
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Where Oa , Ra , OM , RM denote the object and reference wave real amplitude and phase respectively. The equation 
is rewritten to summarize all intensity at any point on the digital images:           
              
A Taylor series : 
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The higher order terms can be neglected due to it small value so as to compare to the wavelength. As a result the 
following expression becomes: 
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Another more stringent approximation for Fraunhofer approximation is also considered. This is the further 
simplifies from the Fresnel approximation [8]. The following is another expression for the Fresnel approximation: 
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 condition satisfied, the expression can be rewritten as follow as the Fraunhofer  
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2ˊMETHODOLOGY
For this experiment, we have tested to display of 291 fps for this high switching speed DMD. This high display 
frame rate has to be synchronized with motor speed at 900 rpm. That mean the motor 1 revolution must be mixed 
with the delivered of the 291 frames. Because of this high switching speed mirrors, the displayed images can almost 
cover 1 0 per frame for out of the 360 0  (
0360
291 frames ) which it’s the motor rotated in 1 revolution. This 
amplitude type of DMD device has the capability to accommodate of 5,461 frames for onboard memory. This 
accommodation of number of frames is referring to the 8 bit depth of PNG file. The dice images have be briefly 
sketch in the later part of this section in Fig 2.0. The most challenging part is the alignment for the reconstructed   
holography images into the size of diameter 10mm fibre.  
At the “on” stage of DMD characteristic, the mirrors are reflecting the multiple images and they are separated apart 
in between at the array format. However, the alignment is only required the higher, clearer and brightest order. 
Nevertheless, the rest of the useless remaining order must be filtered off. It is tedious and complicated works, if 
adapts the pure mechanical system set up. In view of this, the author has implemented the optical set-up, which is 
the fibre conduit. Hence, this setting up time has been tremendously reduced during the exploration.  
Simplicity the alignment is moving of the X, Y or XY axis direction of the fibre support. However, this method also 
has its disadvantages: (1) Physically measured and calibrated diffractive images from the lower order to the next 
higher order in between distance at the mirrors “on” stage, and (2) The fibre and images size must in the mixing 
ratio. Otherwise only part of the image can display. 
Further of the development works, the author looks into the symmetry and non-symmetry objects and from the 
experimented results obtained, the symmetry object is more direct and easy to achieve. Alternatively, the non-
symmetry objects are given that more steps to fulfil. Because of it complexity, in this paper, only focuses on the 
symmetry instead of the non-symmetry. The Fig ( 4 ) shows for the dice display at the different angle.  
Finally, the reconstructed 2D multiple dice imagers are transmitted through the solid fibre and displayed on the high 
speed rotation diffuser. The diameter of 200mm transparent acrylic tube shields is sited on the rotation diffuser for 
protecting the audience when the motor is rotating at the high speed.                                                                             
Fig. 4. The audience viewing from number of 1,2, 3 and 4 position  
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From Fig (5) any of the arbitrary position can only see at that particular face dice number. After many of the 
exploration, from the result showing, the audience can view from any of the different angle out of the 360 0 .
Although, this set up proven that each arbitrary position show the different of the dice face. Whereas, the resolution 
is blurs and also have the discontinues boundary from the face to face during changes of the numbers.. 
The figure 2.1 shows the changes of the face to face, but only the various faces are show at here :
Fig. 5 
3. CONCLUSION AND DISSCUSSION 
In this paper, the Fraunhofer diffraction set up is explored and discussed using the fast switching DMD device. The 
reconstructed images are tested on volumetric display media by the high speed rotation diffuser. As a result, the 
DMD is capable to display 291 fps images and also show the dice on the diffuser. Although, this set up has proved 
that can show the virtual 3D object, whereas it is only good for small screen. As for the large dimension screen will 
still require a larger system. On the other hand, the high rotation diffuser as a volumetric display can be easily 
achieve, provided using the fast switching rate digital micro mirror. As for the colour display and non-symmetry 
object is our future direction. This project is funded by Ngee Ann Polytechnic and TOTE BOARD. 
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